Objective : To estimate and comparably analyze the life-time death probability (LDP) caused by malignant tumors in different regions in 2004 and 2014. Methods: LDP was calculated by a probability additive formula and based on an abridged life table. Data on age-specific mortality was obtained from the National Cause-of-Death Surveillance Dataset in 2014 using surveillance sites in China and data on age-specific mortality was collected from the third retrospective investigation of death cause in China in 2004. Results: LDP caused by malignant tumors, lung cancer, gastric cancer, liver cancer, esophageal cancer, colorectal, and anal cancer were 19.2%, 5.6%, 2.8%, 2.8%, 1.7%, 1.3%, respectively. In addition, we calculated LDP caused by malignant tumors in three different regions of China. LDP caused by malignant tumors were 21.2%, 6.1%, 3.1%, 2.8%, 2.0%, and 1.5% in the eastern region, were 18.3%, 5.5%, 2.7%, 3.0%, 1.5%, and 1.1% in the central region, and were 16.7%, 4.6%, 2.3%, 2.8%, 1.6%, and 1.2% in the western region, respectively. Additionally, LDP caused by malignant tumors in 2004 and 2015 were compared. We found that LDPs caused by malignant tumors, lung cancer, and colorectal cancer have increased in the past decade, while LDPs caused by gastric cancer, liver cancer, and esophageal cancer have experienced a decreasing trend. Conclusions: Malignant tumors were still the main cause of death in one's life time, giving rise to LDP. LDP caused by malignant tumours has two divisions. First, traditional upper digestive system cancers related to long-term chronic infection, such as esophageal cancer, gastric cancer, and liver cancer, which has shown a significant downward trend. Second, lung and colorectal cancers related to the environmental factors and lifestyle, which are on the rise.
Introduction
Cancer incidence and mortality rate have increased sharply in China in recent years. In 2014, 3.804 million new cases with malignant tumors were diagnosed and 2.296 million cancer deaths were reported in China. The cancer incidence rate was 278.07 per 100,000 people. The its mortality rate was 167.9 per 100,000 people (Chen et al., 2018) . The incidence and mortality of diseases are of public health and epidemiological significance for each country. But for individuals, if the cancer is unfortunately diagnosed, it will instantly become an absolute misfortune in personal life. A life-time death probability (LDP) is based on the principle of probability addition. The death probability (P i 0 ) during a life time is actually a composition index with the summation of each probability of death equal to 1. It is not affected by population composition since it is based on the life table. LDP is quite different from the proportional mortality affected by population composition. Our previous study reported that LDP by a malignant tumor was 18.7% in 2004 (Yuan et al., 2014) . However, as a country with a huge land area and a wide range of people's living habits in different regions, the overall data obviously cannot reflect the differences among regions. Therefore, this study was attempted to compare LDP caused by malignant tumors in different areas of China.
Materials and Methods

Data Collection
Data on age-specific mortality was obtained from the National Cause-of-Death Surveillance Dataset in 2014 using surveillance sites in China (China CDC and National HFPC, 2015) . This dataset was collected through national disease surveillance system (605 monitoring stations) by the National Health and Family Planning Commission of the People's Republic of China.
Data on age-specific mortality was collected from the third retrospective investigation of death cause in the . This survey covered 213 counties throughout the country, and it was conducted by the National Health Ministry of the People's Republic of China.
Division of East, Central, and West Regions
According to to the standards provide by the National Bureau of Statistics, China is divided into three regions, namely eastern, central, and western with respect to natural geography .
The eastern region includes Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan.
The central region involves Heilongjiang, Jilin, Shanxi, Anhui, Jiangxi, Henan, Hubei, and Hunan.
The western region comprised of Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang.
Statistical analysis
Based on an abridge life table (Sun and Xu, 2006) , the probability additive formula was taken to calculate the LDP caused by malignant tumors. The series of formulas were as follows:
(1), q means the death probability, horn x means age group, horn i means the cause of death; (2) D means the actual death; (3) m means mortality, r means proportional mortality; (5) d means death toll on the life table; (6) l means survival number from the life table; and (7) w means the oldest age group.
In P 0 i of age group, 0 is representative of one person's LDF (Zhou TS, Chen CG ,1991) .
Results
By using probability additive formula and based on abridge life table, we found that LDP caused by malignant tumors was 19.21% in China in 2014 (Table  1) . On the abridge life table, x means age group, m x refers to age-specific mortality, m x i indicates age-specific mortality caused by tumors, q x shows age-specific death probability, l x means age-specific survival number, d x is representative of age-specific death toll, r x i represents age-specific proportional mortality caused by tumors, d x i means age-specific death toll caused by tumors, refers to all-age death toll caused by tumors, P x i addresses age-specific LDF caused by tumors, and P 0 i is one person's LDF caused by tumors.
In addition, we discovered that LDP caused by lung cancer, gastric cancer, liver cancer, esophageal cancer, colorectal and anal cancer was 5.6%, 2.8%, 2.8%, 1.7%, lifestyle. In recent years, the obesity rate in the eastern region is on the rise Yang et al., 2017) . The potential factors linking obesity to cancer might cause insulin resistance, a chronic, subclinical inflammation in the visceral fat, and alterations on the tumor microenvironment driving tumor progression via the stimulation of cell survival/anti-apoptosis, cell proliferation, angiogenesis, and invasion/metastasis of cancer cells (Ungefroren et al., 2015) . Higher LDP caused by liver cancer in central region may be related to its humid local climate and the consumption of mildew food by people living there.
Higher LDP in 2014 (19.21%) than that in 2004 (18.73%) attracted public attention. LDPs caused by lung cancer and colorectal cancer have increased in the past decade, while LDPs caused by gastric cancer, liver cancer, and esophageal cancer have experienced a decreasing trend. Strengthening physical activity, maintaining healthy weight, promoting healthy eating patterns, reducing meat food, increasing the intake of fruits and vegetables, stopping smoking, limiting alcohol consumption, and carrying out cancer screening are considered as effective measures for preventing and controlling malignant tumors.
In our daily life, we need an indicator to measure the risk of death caused by cancers. LDP is just a good indicator, which refers to the probability of death for a particular person from a certain death cause in the presence of various death causes. It is based on the principle of probability addition, but not affected by population composition and considering the risk of death competition. Cumulative mortality or cumulative risk 1.3%, respectively (Table 2) 
Discussion
To the best of our knowledge, this was the first epidemiological study comparing LDP caused by malignant tumors in different regions of China. The top 5 cancer sites were similar in eastern, central and western regions, which were lung, liver, stomach, esophagus and colorectum. LDP caused by malignant tumors decreased in all three regions, but some differences were observed with respect to a specific cancer. LDPs caused by esophageal cancer and colorectal cancer were higher in western region than central and east regions. LDP caused by liver cancer was slightly higher in central region than in east and west regions. This finding may be due to the differences in lifestyles, geographical locations and living environment, economic level, medical resource allocation, diagnosis, and treatment level (Jemal et al., 2010; Zeng et al., 2015) . The eastern region is well-developed region with a high standard of living and a preference Western (Andersen et al., 2012; Kim, 2007; Latouche et al., 2013) is another indicator that can indicate the seriousness of a certain death cause, but it does not take into account the competition risks. On the other hand, in the analysis of time event data, there is a competitive risk. Some subjects may experience competition risks when the events of interest are excluded by different types of events that had occurred previously (Kohl, 2015) . As it can be seen from Table 2 , the mortality (26.40/10 million) in the eastern area was higher than that (24.14/10 million) of stomach cancer, but LDP caused by liver cancer (2.75%) was lower than that caused by gastric cancer (3.06%). The main reason for this finding might be as follows: the mortality of liver cancer in eastern area (13.96/10 million) was twice than stomach cancer (4.40/10 million) among sufferers aged less that 40 to 45 years old; however, the mortality of stomach cancer (124.55/10 million) was higher than that of liver cancer (100.65/10 million) among patients aged older than 70 to 75 years old, indicating that people died from liver cancer were younger, but people died from gastric cancer were older. Therefore, considering the competitive risk death, it can be seen that LDP caused by liver cancer was lower than that caused by gastric cancer. The current investigation; however, was confronted with a number of limitations. The monitoring points for mortality by age in 2004 and 2014 were different (213 in 2004 and 605 in 2014) , which may lead to differences in age specific mortality. Nevertheless, the National Disease Surveillance System was led by the National Health and Family Planning Commission in 2013 to integrate the death statistics system of the Ministry of Health and the National Disease Surveillance System. Death rate by age in 2014 was a continuation of the work of the Ministry of Health's death statistics system in 2004, with the same criteria for all disease classifications, working methods, and regional divisions, increasing the comparability of 2004 and 2014.
In conclusion malignant tumor is still the main cause of death among humans, giving rise to LDP. LDP caused by malignant tumours has two divisions. First, traditional upper digestive system cancers related to long-term chronic infection, such as esophageal cancer, gastric cancer, and liver cancer, which has shown a significant downward trend. Second, lung and colorectal cancers related to the environmental factors and lifestyle, which are on the rise. Therefore, cancer prevention and treatment strategies should be implemented to improve people's health in China. These strategies can be provision of health education, promotion of healthy lifestyles such as having healthy diet and moderate exercise, changing bad living habits, controlling environmental risk factors, and establishing environmental health monitoring systems.
